The association between the red cell distribution width (RDW) and vasospastic angina (VSA) has not been elucidated. We investigated the association of the RDW with the incidence and angiographic subtypes of VSA in Korean patients. Materials and Methods: A total of 460 patients who underwent intracoronary ergonovine provocation tests were consecutively enrolled and classified into two groups: the VSA group (n=147, 32.0%) and non-VSA group (n=313, 68.0%). The subjects were classified into 3 subgroups (tertiles) according to the baseline level of RDW assessed before the angiographic provocation test. Results: The VSA group had a higher RDW than the non-VSA group (12.9±0.8% vs. 12.5±0.7%, p=0.013). The high RDW level demonstrated an independent association with the high incidence of VSA [second tertile: hazard ratio (HR) 1.96 (1.13-2.83), third tertile: HR 2.33 (1.22-3.47), all p<0.001]. Moreover, the highest RDW tertile level had a significant association with the prevalence of the mixed-type coronary spasm [HR 1.29 (1.03-1.59), p=0.037].
INTRODUCTION
Coronary spasm is an important factor in the pathogenesis of ischemic cardiovascular disease (CVD), particularly among Asians. 1 The long-term prognosis of vasospastic angina (VSA) is relatively benign.
1,2 However, conventional medical treatments including vasodilators are often ineffective and sometimes lead to fatal arrhythmias. 1, 2 Several diagnostic methods have been introduced, and angiographic provocation with acetylcholine or ergonovine is the most frequently used, as recent Japanese multicenter studies 2, 3 demonstrated an acceptable level of safety during provocation tests. Although angiographic provocation for VSA is widely performed in Korea and Japan, some clinicians still focus only on atherosclerotic stenosis, with less emphasis on coronary spasm. [1] [2] [3] Therefore, it is important not only to induce a great clinical interest on VSA in clinicians, but also to find reliable markers for screening patients who may need a proactive clinical investigation including angiographic provocation test. 2, 4 The red cell distribution width (RDW) reflects the variability in the size of red blood cells (RBC) and has been used in the differential diagnosis of anemia. [5] [6] [7] Interestingly, the RDW has been reported as a strong predictor of the incidence and prognosis in a wide spectrum of CVD. [6] [7] [8] [9] [10] The mechanism for the association between an elevated RDW and the incidence and clinical outcomes of CVD is still unclear. However, recent studies suggested that an interaction between chronic inflamma-
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Mi-Hyang Jung 1 , Dong Il Shin 1 , Ik Jun Choi 1 tory responses, oxidative stress, and endothelial dysfunction, which have been reported as the pathophysiology of coronary spasms, might explain this association. 11, 12 Despite the similar pathophysiological relevance between an elevated RDW and coronary spasm, the relationship between the RDW and VSA has not been elucidated. Therefore, we aimed to investigate the association of the RDW with the incidence and angiographic subtypes of VSA in Korean patients.
MATERIALS AND METHODS

Study population
The patients who had suspicious symptoms and underwent the angiographic intracoronary ergonovine provocation test for VSA, according to the clinician's decision at three cardiovascular centers (Incheon St. Mary's, Daejeon St. Mary's, and Seoul St. Mary's Hospitals, The Catholic University of Korea) from July 2013 to September 2014, were consecutively enrolled in this analysis. During the study period, we assessed the baseline RDW before coronary angiography (CAG) in all enrolled patients. All these participating centers have performed the highvolume CAG (>1200 cases/year) and have used the same study protocol for the intracoronary ergonovine provocation test.
A total of 460 patients were consecutively included into two groups: the VSA group (n=147, 32.0%) and non-VSA group (n= 313, 68.0%). All enrolled patients had normal findings or minimal (<50% of luminal narrowing) atherosclerosis on the baseline CAG. Meanwhile, the patients with significant atherosclerosis (≥50%), renal failure on continuous dialysis, and malignant or inflammatory diseases were excluded. We compared the baseline characteristics between the two groups and investigated the association between the RDW and VSA.
The study protocol of this three-center observational study was approved by the institutional review board of each participating center.
Coronary angiography with a VSA provocation test
The Guidelines for Diagnosis and Treatment of Patients with VSA of the Japanese Circulation Society was used in the diagnosis of VSA. 13 The baseline CAG was performed for the right coronary artery (RCA) and the left coronary artery (LCA) after an intracoronary injection of normal saline (5 mL). If there was no significant atherosclerosis on the baseline CAG, incremental doses of 20 μg, 40 μg, and 60 μg of ergonovine were injected into the LCA. If coronary spasm was not provoked in the LCA, incremental doses of (10 μg), 20 μg, and 40 μg were injected into the RCA. Once spasm was provoked, intracoronary nitrates was injected to resolve spasm immediately. Medications that affect vasomotion were discontinued at least 48 hours before CAG.
Measurements of RDW
The baseline level of the RDW was determined before the provocation test using the Sysmex XE-2100 Hematology Analyzer (Sysmex, Kobe, Japan), as part of the routine hemogram.
Definitions
The definition of a positive result in the ergonovine provocation test was a total or subtotal (>90% of luminal diameter narrowing) occlusion with ischemic symptoms and/or electrocardiographic (ECG) changes (the VSA group). 13 Patients who did not meet the positive criteria were included in the non-VSA group. All responses to ergonovine and atherosclerosis on the baseline CAG were quantitatively analyzed by clinicians blinded to patient status.
An ischemic ECG change was defined as an ST-elevation or depression of ≥0.1 mV or T-inversion or a negative U-wave in at least two related leads. 1 A multivessel spasm was defined as a positive spasm in more than two major (≥2.5 mm of vessel diameter) epicardial coronary arteries. A focal-type spasm was defined as a discrete spasm localized in one coronary segment, while a spasm observed continuously from the proximal to the distal segment was defined as a diffuse-type spasm. In addition, a multivessel spasm in which at least one coronary artery had a diffuse-type and the other had a focal-type was defined as the mixed-type spasm. 3 Anemia was defined as a hemoglobin level of <12.0 g/dL in women and <13.0 g/dL in men. 14 
Statistical analysis
Continuous variables were presented as mean±standard deviation and categorical variables were presented as numbers and percentage. The Student's t-test was used for continuous variables and categorical variables were compared using the chi-square or Fisher's exact test. All enrolled patients were classified into three groups (tertiles) according to the baseline RDW to determine the association between the RDW and the incidence of VSA. Additionally, the patients in the VSA group were reclassified into tertiles according to the baseline RDW to evaluate the impact of the RDW on the angiographic subtypes of VSA. The prevalence and angiographic characteristics of VSA were compared among the groups using the KruskalWallis test. A multivariate logistic regression analysis was performed to identify independent predictors. Variables with a p<0.20 in the univariate were entered into a multivariate analysis. The hazard ratio (HR) and 95% confidence intervals (95% CI) were also calculated. A p value of <0.05 was considered to be significant. All analyses were performed using SPSS statistical software (version 18.0, SPSS Inc., Chicago, IL, USA).
RESULTS
Baseline characteristics
The baseline clinical and laboratory characteristics are pre- sented in Tables 1 and 2 . The incidence of males and current smokers was significantly higher in the VSA group (p<0.05). The VSA group also demonstrated higher levels of high-sensitivity C-reactive protein (hsCRP) and triglyceride (TG) than the non-VSA group (p<0.05). Although the other hematologic findings, renal and thyroid function, prevalence of anemia, and medication history were very similar between the groups, the baseline RDW was significantly higher in the VSA group (12.9±0.8% vs. 12.5±0.7%, p=0.013) ( Table 2) .
Association between the RDW and incidence of VSA
All patients in the VSA and non-VSA groups were subclassified according to the baseline RDW to evaluate the association of the RDW with the incidence of VSA: <12.2% (n=162, first tertile), 12.2-12.8% (n=153, second tertile), >12.8% (n=145, third tertile).
The RDW level was closely associated with the incidence of VSA, and patients in the third RDW tertile showed the highest incidence of VSA (p<0.001) (Fig. 1) Association between RDW and the angiographic subtypes in the VSA group
In the VSA group (n=147), the mixed-type spasm was seen in 40 patients (27.2%), while non-mixed type including the diffusetype (79, 53.7%) and the focal-type (28, 19.0%) was provoked in 107 patients. Ninety-two patients (62.6%) had single vessel spasm and multivessel spasm was observed in 55 patients (37.4%).
The patients in the VSA group were further classified according to the baseline RDW to evaluate the association between the RDW and the angiographic characteristics of VSA: <12.6% (n=48, first tertile), 12.6-13.1% (n=50, second tertile), >13.1% (n=49, third tertile). The distribution of single vessel and multivessel spasm were very similar among tertile groups (p=0.411), while the mixed-type and non-mixed type were differently dis- 
DISCUSSION
In the present analysis, we demonstrated that an elevated RDW had an independent association with the prevalence of VSA in Korean patients. The high RDW was not only an independent predictor for VSA, but was also associated with the mixed-type spasm which has been reported to be associated with adverse clinical outcomes in VSA patients. 3 The RDW is a simple and inexpensive parameter that reflects the degree of heterogeneity of RBC, and is traditionally used for the differential diagnosis of anemia. 6, 7, 15 However, recent studies have demonstrated the association between the RDW and a wide spectrum of CVDs including heart failure, coronary artery disease, pulmonary-thromboembolism, and peripheral artery disease. [6] [7] [8] [9] [10] Nevertheless, few reports have detailed an association between the RDW and coronary spasm, even though VSA is one of the most important functional coronary diseases, especially in East Asians. To the best of our knowledge, this is the first report demonstrating a close association between the RDW and the prevalence and angiographic characteristics of VSA in Korean patients.
An elevated RDW indicates a profound deregulation of RBC homeostasis and can be attributed to a variety of underlying metabolic conditions including aging, oxidative stress, inflammation, and poor nutritional status. Moreover, the RDW is influenced by underlying pathologies including anemia, diabetes, hypertension, cancer, and thyroid and renal dysfunction, which induce RBC fragmentation. 11, 12, 15 In the present analysis, both VSA and non-VSA groups had similar characteristics in age, prevalence of diabetes and hypertension, cardiac, thyroid and renal function, and the incidence of anemia, and patients with renal failure on dialysis and malignant or inflammatory diseases, which can affect the RDW, were excluded. However, the factors which can influence the RDW may be innumerable. 15 In our analysis, the VSA group demonstrated the higher prevalence of male and current smokers than the non-VSA group. It has been reported that the RDW level could be elevated in male or smokers. 16, 17 Although the multivariate regression analysis including gender and current smoking demonstrated that the high level of RDW was one of independent predictors for the incidence of VSA, it is still possible to assume that these factors played a role as confounding factors in our analysis.
The precise mechanism for the relationship between an elevated RDW and the high prevalence of VSA remains unclear. However, an elevated RDW could reflect increased inflammatory responses and oxidative stress, and is also associated with impaired endothelial function. 11, 12, 15, 18, 19 Förhécz, et al. 11 reported that the RDW is associated with various inflammatory markers including interleukin-6 (IL-6) and tumor necrosis factor (TNF) receptors I and II, and CRP. And Semba, et al. 18 also suggested that oxidative stress, conjugated with inflammation, might significantly increase the RDW. Interestingly, chronic inflammation and increased oxidative stress are important factors in the pathogenesis of coronary spasm. 2, 4 Oxygen free radicals could degrade nitric-oxide, the most potent endotheliumdependent vasodilator, causing vasoconstriction. 2 Moreover, the levels of adhesion molecules such as P-selection and hsCRP, a sensitive marker of inflammation, were also increased in patients with VSA. 20 In addition, smoking, a crucial risk factor for VSA, is associated with chronic inflammation.
1,2 These findings suggest that chronic inflammation may simultaneously con- The RDW (%) tertiles: <12.6 (n=48), 12.6-13.1 (n=50), >13.1 (n=49). *The non-mixed type of spasm includes the focal-type (n=28) and the diffuse-type (n=79). tribute to the pathogenesis of an elevated RDW and VSA. In our results, the VSA group had a higher hsCRP and higher number of current smokers than the non-VSA group. However, in the multivariate analysis, the level of hsCRP demonstrated only a trend of association with VSA (p=0.075), although current smoking was revealed as an independent predictor for VSA (p=0.007). Moreover, various parameters for inflammation or oxidative stress could not be estimated and we only assessed the baseline hsCRP. Thus, the patient's inflammatory status could not be precisely determined in the present analysis. Further studies should be conducted to clearly determine the association of the inflammatory status or oxidative stress with the RDW and VSA.
Recently, an elevated RDW was reported to be independently associated with systemic endothelial dysfunction, assessed by microalbuminuria and flow-mediated dilation (FMD). 12, 19 Endothelial dysfunction is involved in every stage of atherosclerosis as well as in the development of VSA. Moreover, early changes in atherosclerosis may also induce coronary spasm. 1, 2, 21 Considering these previous results, endothelial dysfunction may also contribute to the similarity in the pathological relevance between an elevated RDW and VSA. In the present analysis, however, we did not assess the parameter for endothelial function and could not demonstrate the direct association between the RDW and endothelial dysfunction. Further studies including the markers for endothelial function would be helpful for precisely determining the relationship between the RDW and VSA.
Different patterns of angiographic changes in response to ergonovine or acetylcholine, including the diffuse-and focaltypes, have been prescribed. 3, 22 The focal-type spasm may be closely associated with an increased coronary intima-media thickness and relatively advanced atherosclerosis. Meanwhile, the diffuse-type was induced by more extensive endothelial dysfunction. 2, 3, 22 Although the prognosis of VSA according to the subtypes could be controversial, 22, 23 a nation-wide Japanese study group recently suggested that the mixed-type spasm, which might share features of both focal-and diffuse-types, was independently associated with a poor prognosis in VSA patients. They demonstrated a significant impact of the mixed multivessel spasm on adverse events, while other types such as including focal or diffuse single-vessel and focal or diffuse multivessel spasm had no correlation with adverse clinical outcomes. 3 Our present analysis provided the novel finding that the highest RDW level had a significant association with the prevalence of the mixed-type spasm. Although the precise mechanism for this association between the RDW and this highrisk angiographic subtype still remains unclear, our result could highlight the importance of paying more clinical attention to the VSA patients with an elevated RDW for future adverse cardiovascular events.
In the present study, we demonstrated that a high TG was also an independent predictor for VSA, although the association between the RDW and the level of TG was not clearly defined. In a hyper-TG state, the expression of adhesion molecules, cytotoxic inflammation, and foam cell formation are enhanced. Therefore, the high level of TG can cause endothelial dysfunction and accelerated atherosclerosis due to an increase of in small dense low-density lipoprotein cholesterol and a reduction of high-density lipoprotein cholesterol. 24, 25 In previous studies, the high TG was not only significantly related to an increased basal coronary tone, which is related to the activity of VSA, but was also a predictor for multivessel spasm. 22, 23 Consequently, meticulous clinical attention should be paid to patients with an elevated TG, in addition to other known risk factors such as smoking.
The clinical prognosis of VSA is relatively good. Moreover, the prevalence worldwide appears to have declined, which may be attributable to cessation of smoking and more frequent use of calcium-channel blockers. 1, 2, 23 Thus, clinical interest in atherosclerotic stenosis and coronary intervention is growing among clinicians, while less attention is being paid to VSA. 2 Nevertheless, VSA is still prevalent and some patients are refractory to conventional medications.
1,2 Thus, it is necessary to find reliable markers for screening patients who could benefit from a proactive investigation including angiographic provocation. Recently, the advanced understanding of the pathogenesis of VSA has resulted in new possible markers including IL-6, intercellular adhesion molecule-1, nitrotyrosine, and lipoprotein(a). 4, 26, 27 However, our present analysis indicated that the RDW, which has been known as a comprehensive marker of inflammation, oxidative stress, and endothelial dysfunction, showed a close association with VSA in Korean patients.
Several limitations should be noted. First, this analysis used data from an observational study, which has inherent limitations. Second, this analysis was originally designed as a crosssectional study. Thus, the relationship between the RDW and long-term outcomes was not determined. Third, there still may be possible confounding factors such as gender and smoking, and also several biases in the selection of patients, most likely due to the relatively small study population. However, all patients who underwent the angiographic ergonovine provocation during the study period were consecutively enrolled in this analysis. Especially, the relatively high prevalence of female patients in the non-VSA group could be associated with the possibility of a selection bias. Finally, in our study, hsCRP was the only parameter for inflammation to unravel the association between the RDW and VSA. Moreover, we did not investigate other surrogate markers of chronic inflammation and endothelial dysfunction, including IL-6, TNF, P-selectin, microalbuminuria, and FMD. The assessment of these parameters would be helpful in clarifying the precise mechanism of association between the RDW and VSA. Despite these limitations, our results emphasize the importance of understanding the association of an elevated RDW with the prevalence and angiographic subtypes of VSA.
In conclusion, the high RDW was significantly associated with the prevalence of VSA and the high-risk angiographic subtype of coronary spasm, consequently emphasizing the clinical value of a proactive clinical investigation of VSA in Korean patients with an elevated RDW.
